Abstract. We identified the TTK-1 cell line to be a human large granular lymphocyte (LGL)/natural killer (NK) cell line from bone marrow or lymphoid tissue. This cell line expressed laminin on the cell surface and secreted interleukin-3 (IL-3) into culture supernatant in addition to immunosuppressive factors. We also revealed that cytokines of the colony stimulating factor (CSF) family essential for the proliferation and differentiation of trophoblast cells were generated in the mixed lymphocyte reaction (MLR) and the trophoblast cell line could be established by adding the products of MLR to the culture. Furthermore, the therapeutic effects of cytokines of the recombinant human (rh) CSF family including IL-3, granulocyte-macrophage-CSF (GM-CSF), macrophage-CSF (M-CSF) and granulocyte-CSF (G-CSF) on the spontaneous abortion prone mice were examined. The results demonstrated that each cytokine definitely responded to the increase in placental and fetal weight and the incidence of fetal resorption in various ways.
IMPLANTATION
of the blastocyst following fertilization is necessary to initiate mammalian pregnancy.
After the blastocyst has been implanted in the uterine endometrium, the embryonal trophoblast cells attach to the luminal epithelium and invade the maternal decidual tissue [1] .
Observations during the attachment phase of implantation in vitro [2] have suggested that substances in the extra-cellular matrix such as fibronectin, laminin, type IV collagen and proteoglycan mediate the interaction between the embryonic cells and uterine decidual tissue.
On the other hand, recent oncological studies have revealed that the invasion of tumor cells is mediated by the binding of the cells to laminin in the basement membrane through their laminin receptors, and this was verified by direct evidence that increased expression of laminin-receptor mRNA is associated with an increase in the 67-kd high affinity laminin receptor as well as with the invasive phenotype of colon carcinoma [3] . Furthermore, their metastasis was blocked by a synthesic laminin peptide [4] suggesting that the same mechanisms seem to work in the implantation of blastocyst.
In our previous studies, it was demonstrated that some factors including laminin-like substances in the culture supernatant of the TTK-1 cell line derived from human first trimester decidual tissue stimulated the trophoblastic outgrowth of murine early embryos in vitro [5] . On the other hand, it has recently been revealed that a large number of bone marrow derived cells infiltrate into the uterine implantation sites during early pregnancy. They are morphologically of LGL with an NK cell marker, suggesting the interaction between these cells and embryonal trophoblast cells [6] [7] [8] [9] [10] . We attempted to further characterize the surface mark- Following successful implantation in the endometrium, the expansion (growth) of trophoblast cells is essential for placenta formation.
During the process of implantation, the mural trophoblast cells, which first invade and penetrate the uterine decidual stroma, proliferate extensively and form an ectoplacental cone most likely due to the allogeneic interaction and stimulation between the embryonal trophoblast cells and maternal decidual cells. The allogeneic stimulation has therefore been considered to generate fetal survival evidenced in animals and man, so that prior immunization with paternal or third party lymphocytes can prevent abortion [11] [12] [13] although the immunomolecular mechanism of this therapy remained unknown.
Furthermore, in the spontaneous abortion prone mice, the therapeutic effects of recombinant cytokines of CSF family were investigated. These observations at the feto-maternal interface have focused on the molecular and cellular immune mechanisms of placenta formation [14] .
Characterization
of TTK-1 cell line and the role of its products in implantation in vitro
Surface markers of the TTK-1 cell line were studied by means of flow cytometric analysis after labelling with a variety of monoclonal antibodies (mAbs) to human lymphocytes including OKT3, 4, 4A, 6, 8, 9,10,11, OKB2, B7, OKM1, M5, OKIa1(DR) and HNK-1 (Leu7, CD57). Anti HLA-DR and anti HNK-1 mAb resulted in the positive staining patterns as shown in Fig. la and Fig. lb Fig. 1d . HNK-1 epitope, shared by a limited number of NK cells [15] and nervous tissues [16] , contains a unique sulfated glucuronic acid containing sugar moiety. The same carbohydrate structure could also be detected in some glycolipids [17] . This epitope itself could be involved in the adhesion as a cell surface ligand via interaction with a heterophilic receptor [18] . The shedding of laminin into the culture supernatant was examined by enzyme-linked immunoassay (EIA). As shown in Fig. 2 , OD values were positively obtained with the supernatant from TTK-1 cells but not with serum free medium (SFM, HM606, Kohjin, Saitama) by means of the anti laminin antibody. Furthermore, the supernatant of TTK-1 cells and its affinity-purified fraction on the anti human laminin antibody-coupled sepharose column, as well as its pass-through fraction were examined for binding with anti laminin antibody. As shown in Fig. 3 , TTK-1 supernatant (spot 2) and its affinity purified fraction (spot 3) as well as murine sarcoma (EHS) laminin (spot 1) gave positive staining patterns in contrast with the negative ones (spot 4) for the pass-through fraction from the affinity column. On the other hand, fiDilution of and laminin antibody A wide variety of prostaglandins including PGE2 were significantly detected by radioimmunoassay (RIA) in the supernatant of this cell line activated with TPA. Without activation of TPA, in the supernatant of this cell line, the concentration of PGE2 was far below 1 ng/ml in RIA.
TTK-1 cells carried HNK-1 (Leu7) and HLA-DR as its cell surface markers. This cell line neither expressed estrogen and progesterone receptors nor secreted prolactin (unpublished data). The results obtained demonstrated that this cell line definitely originated in the bone marrow or lymphoid tissues. This conclusion was strongly supported by the report of Abo et al. [21] showing that the minority of HNK-1 and HLA-DR positive cells are [22] [23] [24] ; it is also present in the mouse embryo at the morula stage of development, indicating its importance in early embryonic morphogenesis [25] . It has also recently been shown that human murine LGL/NK cells express laminin-like molecules on their surfaces and that the molecules play an important role in extensive anti-tumor cytotoxicity by adhering to tumor cells [26] [27] [28] . It has also been reported that the peri-implantation embryo is surrounded by NK cells derived from the bone marrow in the decidual tissue [29, 30] even though the trophoblastic cell is resistant to cytolytic activity by NK cells [31] .
The results of these reports and our studies strongly suggest that embryonal trophoblast cells adhere to the luminal epithelium and invade the decidual tissue through their laminin receptors expressed in different tumor tissues and normal placental tissue [32] and laminin molecules from NK cells in the decidual tissue. These facts essentially agree with Loke's view that human extravillous trophoblast cells could interact with LGL/NK cells through their laminin [33] .
Maternal immune responses to the fetal allograft [34] [35] [36] [37] 51].This cell line had a polygonal epithelium-like profile and an acrocentric karyotype whose major modal number was distributed at forty-one and minor one at eighty-one suggesting the generation of syncytiotrophoblast cells as shown in Fig.10 . This cell line was stained with anti cytokeratin antibody but not with anti vimentin antibody when the IIF test was performed.Furthermore,it was confirmed that this cell line secreted placental hormones such as progesterone and chorionic gonadotropin into the culture medium(data not shown).The experimental results in vitro demonstrated that the product of MLR was an ideal cytokine source for the proliferation and differentiation of the trophoblast cells and provided a therapeutic basis for the immunotherapy in recurrent abortive patients.
Cytokine therapy for spontaneous abortion prone mice
We examined the effects of the administration of cytokines of the rh CSF family including IL-3/ GM-CSF,M-CSF and G-CSF on the spontaneous abortion prone mice.The mice were originally found by Clark et al. [52] because normal CBA/J female mice mated with DBA/2 male mice have a high resorption rate.The results showed that the administration of IL-3 effectively improved the incidence of fetal resorption and also significantly increased the placental and fetal weight,although GM-CSF had a much weaker effect than IL-3.Low dose administration of M-CSF(0.01 aug/mouse)reduced the incidence of fetal resorption and also increased the placental and fetal weight.G-CSF caused the greatest increase in placental and fetal weight of all the cytokines in the CSF family examined but could not reduce the incidence of fetal resorption.Detailed results are summarized in Table 3 and Fig.11 .
Recent studies reported that not only M-CSF and G-CSF secreted from macrophages,granulocytes and stroma cells but also GM-CSF and IL-3 mainly secreted from T cells [53] were produced in the feto-maternal interface and participated in placenta formation because the trophoblast cells appeared to be responsive to all cytokines of the CSF family tested so far [54] .The experimental results in vivo presented here demonstrated that pregnancy out- come could be positively changed by injecting cytokines of CSF family directly into pregnant female mice that are spontaneous abortion prone. The administration of IL-3 to all the combinations of mating mice had the best effects on the decrease in the resorption rate and increase in placental and fetal weight.In contrast to the ideal effects of IL-3,the administration of GM-CSF significantly increased the placental and fetal weight in all the combinations of mating mice but could not reduce the incidence of fetal resorption in the pregnant mice which were spontaneous abortion prone.These results were in agreement with those of our previous studies [50] showing that rh IL-3/ GM-CSF had a strong effect on the growth of murine trophoblast cells in vitro.The expression of a new type of CSF receptor on placental or decidual cells,which makes it possible to mediate the actions of these cytokines on a non-lymphoid progenitor,with no species restriction,has been suggested [55] .Furthermore,to explain these effects,the possible mechanisms [56] were sustained, so that IL-3/GM-CSF could trigger the local release of M-CSF or more IL-3/GM-CSF by macrophages or other cells leading to a direct or indirect trophic effect.
Alternatively,M-CSF could be released by trophoblastic cells by themselves in response to low dose of IL-3/GM-CSF in the paracrine loop,and high dose would results in a negative feedback. M-CSF has been known to be involved in the proliferation and differentiation of macrophages/ monocytes [57, 58] ,and its level in the uterus of a pregnant mouse was recently shown to be about Table 3 ,results of experiments on the spontaneous abortion prone mice were selected and compared with the effect of administration of each cytokine of the CSF family on their placental and fetal weights and resorption rates.GM-CSF(2.0ng),IL-3(6.0ng)and M-CSF(10.0ng) were injected three times into pregnant mice 1,000 times as high in that of nonpregnant mouse [59, 60] .Since the expression of c-fms oncogene as M-CSF receptor in both murine and human placenta is associated with the presence of M-CSF in the uterine endometrium [61, 62] ,it is considered that M-CSF is clearly related to pregnancy.After [68] ,and therefore CD8 on some NK cells and T cells could participate in the recognition of HLA-G expressing trophoblast cells at the feto-maternal interface. Indeed,HLA-G might be a key molecule in regulating the maternal immune response to the fetus.
Recent morphological studies [69, 70] pointed out that decidualization of the uterine stroma is accompanied by marked changes in the synthesis of both cytoskeletal and extra-cellular matrix molecules.These molecules are thought to ensure the outgrowth of trophoblast cells and the hemochorial placenta by protecting the developing embryo from physical and immunological harm in the same manner as tumor tissue surrounded by the proteoglycan barrier secreted by mast cells is protected from immunological attack [71] .
Actually,as demonstrated in Table 4 ,our previous studies [72, 73] showed that multiple injections of mucopolysaccharide(proteoglycan)from murine sarcoma(Gardner' lymphosarcoma induced by estradiol in thymus)resulted in the enhancement of tumor growth in the host.
This phenomenon is now clearly explained not only by shedding the tumor antigen or its immunocomplex formation but also by the formation of proteoglycan-cytokine(growth factor)complex since it has been clarified by the results of recent studies showing that many growth factors and cytokines are present in the extracellular matrix and proteoglycans on the cell surface [74] . On the other hand,it has been recently shown that leukemia inhibitory factor(LIF)is involved in the stimulation of uterine reactivity in the mouse [75, 76] .Transgenic mice lacking the LIF gene are fertile,but quite incapable of initiating intra-uterine pregnancy [76] 
